The objective of study was to determine if an observed increase in blastomycosis among residents of an urban area in north-central Wisconsin was caused by a point-source exposure and identify the source.
Introduction

Blastomycosis is a chronic granulomatous mycosis caused by the dimorphic fungus
Blastomyces dermatitidis (1) . The organism exists as a mold at ambient temperature in the environment, but transforms into a pathogenic yeast after infectious spores are inhaled by susceptible mammalian hosts. In the United States, most cases occur in the Ohio and Mississippi river valleys, the southeastern states, and around the Great Lakes. Clinical presentation most often mimics a viral or bacterial respiratory infection. However specific diagnosis is often complicated by the fact that the spectrum of illness is so variable, ranging from asymptomatic or minimally symptomatic self-limited pulmonary disease to rapidly progressive fatal illness with fulminant pneumonia and dissemination to skin, bone, the central nervous system and other organ systems. (2) .
Epidemiologic investigation of blastomycosis is impeded by lack of reliable skin or serologic tests to ascertain infection, and extreme difficulty in isolating B. dermatitidis from the environment (3). In vitro and environmental studies suggest B. dermatitidis grows in geographically-restricted microfoci associated with waterways in acidic soils and decaying organic material. Moisture facilitates liberation of conidia which may then be dispersed by air currents (4) . Recent investigations of the ecological niche(s) of B. dermatitidis in Wisconsin demonstrate a strong association with waterways in urban and rural environments in northern, northeastern, and southeastern regions of the state (5, 6) .
Most cases of blastomycosis are sporadic. Infrequently, clusters of cases are reported during extended intervals in endemic areas or related to presumed common source exposures.
These outbreaks generally involve small numbers of cases and all but one have historically occurred in rural settings. During the first six weeks of 2006, an apparent increase of laboratoryconfirmed cases of blastomycosis occurred among residents of a small community in the 54452 zip code tabulation area (ZCTA) in north-central Wisconsin prompting epidemiologic, environmental, and laboratory investigations. We describe the largest reported non-rural outbreak of blastomycosis and identify the probable mechanism of point source exposure.
Methods
Epidemiologic Investigations
Case definition. A confirmed outbreak case of blastomycosis was defined as 1) an illness clinically consistent with pulmonary or extrapulmonary blastomycosis, 2) with illness onset during January 1 through March 5, 2006, 3) Case Control Study. A case-control study was conducted to compare risk factors of the outbreak case patients with those of control subjects (N=64) recruited from the same ZCTA using random digit dialing procedures (7) . Recruitment of three control subjects per case patient, matched by gender and age group, was attempted for each case patient using the following scheme: within 2 years for case patients <10 years old; within 5 years for case patients between 10 and 24 years old; and within 10 years for case patients ≥25 years old.
We also recruited city employees that worked in close proximity to the possible exposure site, household members of case patients, and workers or clients from a daycare facility located near the possible exposure site. Data were analyzed for associations between the doi:10.3121/cmr.2010.958 presence of disease and characteristics and activities during the estimated exposure periods thought to be relevant to the acquisition of B. dermatitidis infection. Maximum likelihood estimates (MLE) of the matched odds ratios (mOR) using the Mantel-Haenszel procedure, with exact 95% mid-point confidence intervals and p-values, were calculated using EpiInfo (9) .
Environmental Investigations
Point Source Investigation. Exposure periods (and median exposure dates), defined as 3 to 12 weeks (45 days) prior to the onset of symptoms, were estimated for each of the outbreak case patients (8) . The geographic median center of the outbreak cluster was located using CrimeStat software (10) . Meteorological data from January 1, 2005 through February 12, 2006 were reviewed to determine specific weather conditions that may have contributed to the outbreak (11) . Interviews and inspections were conducted by local and state health department personnel to identify likely exposure sites.
Environmental (soil) samples were collected from multiple compost piles located in a municipal yard waste collection site where the exposures were believed to have occurred. In addition, samples were collected from a pile of pine tree litter that was relocated to an off site facility, via an open-bed truck, just prior to sampling, but was present at the municipal site at the estimated time of exposure. A total of 19 environmental samples were collected.
Laboratory Investigations.
Environmental samples. Attempts to detect B. dermatitidis in environmental samples were made using polymerase chain reaction (PCR) with Blasto I and Blasto II primers, (12, 13) , in vitro isolation (14) , and in vivo isolation by tail vein injection of mice (15 (16) . DNA band patterns were analyzed with BioNumerics software (BioSystematica, Wales, UK) and strains were matched for percentage similarities by the Dice method with a 1.5% interband tolerance. Dendrograms were generated by the unweighted pair-group method with arithmetic mean (17) .
Serology and Antigen Detection. Urine and serum specimens were provided by nine case patients, 36 control subjects (recruited from the case control study), three household members of case patients, six city employees, and six employees or clients of a child daycare facility in close proximity to the case cluster area. Testing was conducted as previously described using an enzyme immunoassay (EIA) to detect B. dermatitidis antigenuria (18) , and modification of a serologic EIA for antibody to recombinant B.
dermatitidis BAD1 antigen (19).
Results
Clinical and Epidemiologic Findings
Clinical Cases. Twenty one patients had laboratory confirmed outbreak cases of blastomycosis. Among the 21 outbreak cases, 20 were culture-confirmed Blastomyces dermatitidis infections and the diagnosis on the remaining (fatal) case was based on a KOH stain of sputum. Eighteen of the 21 outbreak case-patients had pulmonary involvement only; two patients had disseminated disease (both pulmonary and extra-pulmonary locations) and one patient had only extra-pulmonary disease. Fifteen patients were diagnosed with pneumonia-like illness before blastomycosis could be confirmed. One of two patients with disseminated disease (both pulmonary and extra-pulmonary locations) was diagnosed with pneumonia-like illness before blastomycosis confirmation. outbreak cases, no significant differences in patient race, history of underlying medical conditions, hospitalization, or case fatality rates were observed (Table 1) . However, the outbreak case patients were significantly younger than the historic case patients with a median age (interquartile range) of 28 (18-47) years versus 52 (41-60) years, respectively (p=0.004).
Comparison of clinical signs and symptoms between the outbreak and historical case patients was conducted for those signs and symptoms with sufficient data available among both patient groups ( Table 2 ). The occurrence of fatigue, anorexia, cough, muscle aches, night sweats, and weight loss was similar among both groups, but fever was reported more frequently among outbreak patients. While not evaluated among the historic patients, dyspnea, headaches and joint pain were frequently reported among outbreak patients.
Case control study. Analysis of the case-control study data identified three atypical risk factors significantly associated with occurrence of blastomycosis during this outbreak: residence in an urban neighborhood within the city limits, spending ≤10 hours per week outdoors, and having no history of traveling outside the county during the exposure period (Table 3) . While the randomly-selected control subjects were distributed in non-rural and rural population centers throughout the ZCTA, 16 (76%) of 21 case patients resided within the city limits, compared with 29 (45%) of 64 control subjects (MLE of mOR = 3.7, 95% CI=1.3-12, p=0.01). The median center of case patient residences was in an urban neighborhood north of the Prairie River and two kilometers west of its confluence with the Wisconsin River (Fig 1) Based on the estimated incubation period and reported dates of illness onset among 
Environmental Findings
Inspections of the area by local and state health department personnel identified a municipal yard waste collection site located within 100 meters of the cluster center as the likely exposure source. Yard waste materials were deposited at the site throughout 2005 by city employees, lawn care providers, and city residents. Grass and leaves were periodically hauled from the site to a remote composting facility, but a separate, unusually large pile (approximately 50 cubic meters) of predominately white pine tree needles and small branches was allowed to accumulate. During the morning on November 21, 2005, 14 days prior to the grand median estimated exposure date, this material was moved using a front end loader within the site but closer to the cluster center of case patient residences. 
Among the nine case patients and 36 control subjects who consented to participate in the clinical laboratory investigation, all urine specimens tested negative for Blastomyces antigen.
Five (56%) of nine case-patient serum specimens were positive for antibody by EIA, compared with one (3%) of 36 control subject serum specimens (p<0.001), one (17%) of six city employee specimens (p=0.29), one (33%) of three specimens from household members of case patients (p=1.00), and none of six specimens from daycare workers or clients (p=0.04). The control subject who tested positive was excluded from the case-control data analysis.
Discussion
This outbreak of blastomycosis is the second largest ever reported and the largest in a non- (24), canoeing and fishing on Wisconsin rivers (25, 26) , digging in an underground fort and animal burrow (26) , and visiting a beaver dam and lodge (8) . In the only other recorded non-rural outbreak, case patients were presumably infected during exposure to heavy airborne dust while residing or driving near suburban Chicago road construction excavation sites (21) . Airborne dust was also implicated in a 1988 outbreak 270-400 meters downwind from a hotel excavation site in northern Wisconsin (27) .
Blastomycosis most commonly occurs among middle-aged men, probably due to sporadic exposure to B. dermatitidis in ecologic niches during occupational and recreational activities involving close contact with soil or vegetation, primarily near waterways (3) . In this investigation, lack of statistically significant associations between illness and any typically recognized blastomycosis risk factors suggest a point source outbreak rather than sporadic exposures.
Notably, case patients were more likely to spend less time (<10 hours) outdoors than controls (p=0.04). Most case patients likely were exposed merely by their presence in a specific, limited geographic area within the city.
The most likely exposure site, implicated by epidemiologic investigation and inspections, was a yard waste collection site located near a residential neighborhood. The composting process depends on degradation of organic wastes by microbial activity. Whenever organic waste materials are manipulated, such as during shredding, turning and screening processes, these microorganisms can be aerosolized (28) . Large increases in bioaerosol levels occur near actively agitated compost piles compared to quiescent piles, and can impact neighboring residential areas (29) . Dispersal of B. dermatitidis spores liberated during the composting process has not been previously documented. However, Aspergillus fumigatus, an allergenic opportunistic fungal pathogen with spores similar in size to B. dermatitidis, is a well known constituent of compost bioaerosols (30, 31) . When bioaerosols are produced through mechanical agitation of compost piles, studies demonstrate the numbers of A. fumigatus spores decline to background levels within 200 meters from the source, although the distance may be greater under certain atmospheric conditions (28) . These studies with A. fumigatus and the two previously reported blastomycosis outbreaks associated with airborne dust exposure suggest a potential hazard may exist within and near yard material collection, especially where pine tree litter is present, or composting facilities in areas endemic for blastomycosis. In this outbreak, the use of a front-end loader to move a pile of pine tree litter appears to have inadvertently contributed to the dispersal of infectious conidia.
Conditions important for growth of B. dermatitidis and formation, release and dispersal of its conidia include decayed and rotting vegetation or debris with high organic content and low pH the soil (4). Recent rainfall was reported prior to the environmental recovery of B. dermatitidis following several documented point source outbreaks (33, 15, 34, 25, 85 dermatitidis from the environmental samples is not evidence that B. dermatitidis was not present at the time and location of the presumed exposure.
We detected nucleic acid evidence of B. dermatitidis in one environmental sample. While the detection of B. dermatitidis nucleic acid using PCR is promising for investigating the ecologic and epidemiologic features of B. dermatitidis, further study of its accuracy is needed. Recently, it has been discovered that some strains of B. dermatitidis contain large insertions in the BAD1 gene putative promoter region, from which the Blasto I and Blasto II primers were designed (35) . Because these strains of B. dermatitidis are highly represented (~50% of isolates) in Wisconsin, the utility of the assay for environmental detection could be affected. PCR parameters using these primers have not been optimized for samples when larger amplicons are expected. This is of special concern for environmental samples because of the wide range of inhibitory factors inherent to soil samples that may complicate nucleic acid extraction and amplification (36) . Notably, 13 of the 14 outbreak case patient isolates described here contain Although the B. dermatitidis urine antigen assay appears to be useful in providing a rapid diagnosis of pulmonary or disseminated blastomycosis (18), it was not helpful in this investigation. However, the specimens were obtained approximately six months after the estimated exposure period. Therefore, our investigation was not able to address the sensitivity of antigen detection for diagnosis of acute blastomycosis.
The accuracy of serologic testing is inadequate for diagnosis of blastomycosis (37) . EIA methods are more sensitive than immunodiffusion (ID) and complement fixation (CF) tests, but less specific (3, 38, 8, 39) , and the sensitivity of EIA decreases with increasing time after doi:10.3121/cmr.2010.958 infection (40) . In our investigation, only half of the available specimens obtained from case patients were EIA positive, probably due to the six month interval between infection and testing.
Although one of six city employees was positive using the EIA method, no information was available regarding any contact the individual may have had with the pine tree litter pile or his address of residence. Because only one control subject recruited from this endemic area tested positive (and was excluded from data analysis), our classification of control subjects as uninfected with B. dermatitidis was presumed valid.
Conclusion
In this outbreak the collection, storage and mechanical manipulation of a large pile of pine needle yard waste during favorable meteorological conditions may have inadvertently facilitated growth, conidia formation, and dispersal of B. dermatitidis in close proximity to a residential area. We recommend that in areas where blastomycosis is endemic: 1) community yard waste management activities should be located away from residential properties; 2) employees engaged in mechanical agitation of decayed and rotting vegetation and organic debris should consider the use of appropriate respiratory protective equipment; 3) residents, especially those with impaired immune systems, should be aware of the risks associated with soil-disturbing activities (e.g., gardening or landscaping) and consider the use of HEPA-filter or dust masks when participating in such activities; 4) persons living in endemic regions, particularly the elderly or immune compromised, should be aware of signs and symptoms of blastomycosis and immediately contact their health care providers if they have an illness consistent with blastomycosis; and 5) clinicians should suspect blastomycosis in anyone presenting with moderate or moderately severe pneumonia-like illness who does not have a definitive diagnosis by standard testing and has not had a timely response to conventional management. 
